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Abstract 
The operation of the Xiaolangdi Reservoir has caused great changes of the inflow process in the Lower Yellow River 
e.g. duration of small flow became longer, and probability and number of days of large and medium floods 
occurrence decreased. Under this inflow condition, the river bed evolution of the Lower Yellow River has presented 
new characteristics. On the basis of analysis of inflow change in the Lower Yellow River, and through analysis of 
observed data of historical fluvial process, this paper makes a period-by-period calculation and analysis of long-term 
fluvial process in the reach between Beijing-Guangzhou Railway Bridge and Huayuankou in the Lower Yellow River, 
and based on this, discusses the problems existing in the current river training works in this reach, and presents 
suggestions on further carrying out of river training works construction. 
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1. Introduction 
In 2000 the Xiaolangdi Reservoir was put into operation, plus the regulating effect of other reservoirs 
on the trunk stream and tributaries of the Yellow River and the effect of water consumption in the upper 
and middle reaches [1], both the quantity and process of water and sediment into the lower reaches have 
changed a great deal, and the basic conditions for design of river training works of the Lower Yellow 
River have changed in consequence [2]. Now the river regime of the Lower Yellow River has presented 
some new characteristics [3], which have caused some new problems to flood control in the lower reaches. 
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2. Change in Runoff and Sediment 
The incoming water at Huayuankou in the period 2000~2009 was the least, decreasing by 39.72% 
compared with the average value of the period 1949~2009, and decreased by 59.31% during the flood 
period, that is, the incoming water reduced much more in the flood period[4]. The incoming sediment at 
Huayuankou in 2000~2009 decreased by 88.74% compared with the average in 1949~2009, which had 
something to do with the fact that the Xiaolangdi Reservoir was in the silt retaining period. 
The number of days of large and medium floods occurrence decreased. The flow over 4000 m3/s 
decreased from the annual average of 20 days in 1949~1960 to the annual average of less than 1 day in 
2000~2009. As a contrast, flow of less than 1000 m3/s increased from the annual average of 200 days in 
1949~1960 to the annual average of 302 days in 2000~2009. During the period 2000~2009, the 
occurrence frequency of flow less than 1000 m3/s was as high as 82.7%. 
3. Analysis of Pattern of River Regime Changes 
3.1. Works Arrangement in the Reach between Beijing-Guangzhou Railway Bridge and Huayuankou 
In the lower Yellow River, the training scheme used is "slightly bend channel"[5] training scheme, 
namely, according to the planned works are located on the concave bank of the bend of moderate stream 
to achieve the aim of control. Four bends were arranged in the reach between Beijing-Guangzhou 
Railway Bridge and Huayuankou (see Fig. 1), their design bend radii range from 1818m to 5600 m, and 
their central angles are 740-910 and the straight sections are 800-4135 m long.  
 
Fig. 1. Planed Layout of River Training Works within the Reach between Beijing-Guangzhou Railway Bridge and Huayuankou 
3.2. Change of Bend Radii 
According to the observed data, there are altogether 455 river bends in the reach, see Table 1. Among 
them, the number of bends radii between 1000-4000 m is 282, making up 62% of the total bends. Table 1 
also shows that, generally, most bends are of radii of 1000~2000 m. The larger the bend radius is, the 
smaller its occurrence chance is. During the period 2000~2009, bends of small radii appeared much more 
frequently, among them, the occurrence proportion of bends with radii between 1000~2000 m increased 
from 25.6% in 1949~1960 to 34.4% in 2000~2009. It can be seen that, with reduction of incoming water, 
bend radii tend to became smaller. 
3.3. Relation between Bend Radius and Central Angle 
Statistics of bend radii and central angles are given in Table 2. From the table it can be seen that the 
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number of bends with radii between 1000~2000 m is 134, and the corresponding central angles varies 
between 18° and 119°, with average of 69.3°; and the number of bends with radii larger than 5000 m is 55, 
the corresponding angles are from 9° to 63°, averaging 32.33°. 
Table1. Statistics of Bend Radii in the Reach of Beijing-Guangzhou Railway Bridge 
 1949-1960 1961-1964 1965-1974 1975-1985 1986-1999 2000-2009 Sum 
Sum 82 41 81 86 101 64 455 
<1000 5 3 9 8 31 21 77 
1000～2000 21 10 28 23 30 22 134 
2000～3000 19 5 16 16 18 5 79 
3000～4000 11 8 13 15 11 11 69 
4000～5000 12 4 11 7 4 3 41 
>5000 14 11 4 17 7 2 55 
Table 2. Statistics of Bend Radii and Central Angles 
Bend Radii(m) Number Change Scope of Central Angles Average 
<1000 77 39°～132° 81.53° 
1000～2000 134 18°～119° 69.3° 
2000～3000 79 28°～100° 56.76° 
3000～4000 69 21°～89° 48.07° 
4000～5000 41 13°～75° 40.9° 
>5000 55 9°～63° 32.33° 
           
Fig. 2. Relation between Bend Radii and Central Angles         (left) 
Fig. 3. Relation between Bend Radii and Length of Straight Reaches (right) 
The relation between bend radii and central angles is shown in Fig. 2. It can be seen from Fig. 2 that 
there is no evident correlation between bend radii and central angles. For a same bend radius, the central 
angles vary greatly. However, viewed as a whole, Fig. 2 can lead to the preliminary conclusion that, with 
the increase of bend radii, the central angles tend to become smaller.  
3.4. Relation between Bends and Length of Straight River Reaches 
To find out the relation between bends and the length of straight reaches formed downstream of them, 
analysis was made for relations between bend radii and central angles, between bend central angles and 
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length of straight reaches, between bend arc length and length of straight reaches and among bend radii, 
central angles and length of straight reaches respectively. Explanation will be give with the analysis of the 
relation between bend radii and length of straight reaches as an example. 
Fig. 3 shows the relation between bend radii and length of straight reaches during the period. It can be 
seen from Fig. 3 that bend radii do not have close relation with length of straight reaches downstream of 
them; some bends are even connected directly without a straight reach between them. 
As a result, there is no evident dependence between bends and length of straight river reaches from 
observed data. 
4.  Suitability Analysis of River bends to River regime change  
4.1.  Number of River Bends 
The number of the design river bends is more than that of the real river bends. According to statistics 
of river bends, if the river regime were smooth, the main stream would have formed 2 or 3 bends in the 
reach. Though bend radii have tended to become smaller in recent years, the number of bends is not likely 
to expand to four within a reach in the near future. 
4.2.  Bend Central Angles 
At present, altogether four bends are arranged within the reach, whose radii vary between 1818~5600 
m, and whose central angles are 740-910. 
The above-mentioned designed bends compared with statistics of river bends, in terms of changing the 
direction of the main flow, for similar bend radii, the planned direction change by the designed bends is 
larger than the average values of real turning angles. When the real bend radii ranges between 2000 and 
4000 m, the average value is 62.3°, the 80% of bend angles are smaller than 80°. From this point of view, 
the planned main flow turning angle by the designed bends is too large. To change the situation that the 
main flow is not easy to control caused by the too large main flow turning angle, on the one hand, the 
number of works needs to be further increased; on the other hand, the relation between the change of 
water and sediment conditions and bend central angles to achieve the coordination between flow and bend 
flow directing. Works rebuilding alone is also a effective method, but is will affect the layout of upper 
and lower bends, and requires large-scale adjustment of the plane layout of existing works, thus the 
economy and the systematic layout of river training works all face a great challenge. 
4.3. Length of Straight Reaches 
The lengths of straight reaches are planned to be 800~4135 m. The observed lengths of straight 
reaches vary between 0 and 13647 m. The planned lengths did not exceed the observed lengths. Yet, since 
the change of lengths of straight reaches has no certain pattern to trace, the lengths of straight reaches 
vary greatly in similar reaches, and they have no evident dependency relation with flow direction of the 
upper bends, it is very difficult to achieve complete control of varying flow with works. If considering 
restricting the main flow in part of time, the directing section length of straight reaches determined for 
present are appropriate on the whole. 
5. Suggestions 
The above study was carried out mainly based on a specified reach of the Lower Yellow River, the 
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change patterns found still need further verification in other river reaches. However, since the low flow 
lasted longer, and the basic conditions for river training design have changed, the effect on river regime 
change will be inevitable. At present, due to the factor that too many bends are arranged within a bend, 
that the designed central angles are large, and that the lengths of straight river reaches are not definitive, it 
is very difficult to achieve effective control over the main stream within a reach. To improve the control 
effect of the works over river regime and to alleviate the pressure of river regime on flood control under 
the condition like this, it is suggested further carrying out study of river training based on the runoff and 
searching for more suitable training schemes to cope with flood control problems caused by river regime 
change. 
6. Conclusion 
Since the Xiaolangdi Reservoir was put into operation, what has been used for the Lower Yellow 
River training is moderate stream training scheme, yet the basic conditions for its design have changed, 
and the duration of low flow has become longer. Under this circumstances, the river regime has taken on 
many new changes, which is closely related with incoming water condition. 
The analysis of river bend factors according to the observed river regime shows that, at present, the 
planned flow turning angles by the river training works arranged in the reach is too large, which will be 
disadvantageous to the control of river regime by the control works; and that the lengths of straight 
reaches barely have dependency relation with the upper river bend radii, central angles and river bed of 
the bends, which means that the training schemes used now can hardly achieve effective and complete 
control of the main stream. 
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